INTRODUCTION
Abundant intra-and interspecific variability exists for enzyme quantity and activity (Laurie-Ahlberg et a Yamazaki and Matsuo, 1984) .
Numerous studies especially in Drosophila, mouse and also maize, have been undertaken to elucidate the genetic control of this variation. Numerous polymorphic regulatory elements have been found, which can be localized near or far from the structural gene. Such elements can operate at all stages of protein synthesis, from transcriptional (Sassone- Corsi and Borrelli, 1986) to post-translational levels (Beevers, 1982) . The inheritance of enzyme activity (quantity) has been also studied in some cases (Gibson et al., 1986; Hammer and Wilson, 1987) .
Relatively abundant gene products are revealed by two-dimensional electrophoresis (2-D PAGE, O'Farrell, 1975) independently of possible enzymatic function. The genetic variability of protein sequences and also of protein amounts can be analyzed by this technique. The inheritance of protein amounts in hybrids has been studied in a few species (Anderson et al., 1985a; Jungblut and Klose, 1985; Leonardi et al., 1988; .
The haploid megagametophyte of conifer species provides a unique opportunity to analyze the genetic inheritance of enzyme activity or protein amounts. Ten to forty-three enzyme loci were studied in some species and linkage groups have been constructed. One of these linkage groups (associating leucine aminopeptidase, glutamate oxaloacetate transaminase and alcohol dehydrogenase loci) has been mapped in knobcone pine, lodgepole pine, loblolly pine, Jeffrey pine, sugar pine (Conkle, 1981; Strauss and Conkle, 1986) , and Scots pine (Niebling et a!., 1987) .
We have undertaken a molecular characterization of maritime pine (Pinus pinaster Ait., 2n = 2x = 24), a mediterranean species for which, to our knowledge, no data on protein polymorphism are available. In this paper, the segregation of the protein characters as revealed by 2-D PAGE is studied by the analysis of haploid megagametophytes from a single tree. Such an approach to dissecting the genetic determinants of protein amounts and establishing linkage relationships has not been used before.
MATERIAL AND METHODS

Plant material
Seeds from a single tree of an Italian provenance of Pinus pinaster Ait., 2n = 2x = 24, (Fontanin, Latitude North 43°52', Longitude East 4°45', Elevation 500 m) were provided by Dr. Ph. Baradat (INRA Cestas, Bordeaux, France). Fifty-six mega-gametophytes were analyzed separately by 2-D PAGE.
Protein extraction, electrophoresis and staining
The megagametophytes were individually crushed in 6 il/mg of 3M urea, 4 per cent FSN-100 (Fluorosurfactan), 2 per cent ampholytes (Pharmalyte pH 3-10) and 1 per cent dithiothreitol at room temperature (Anderson et cxl., 1985b) . Thirtyfive microlitres of each sample were used. The isoelectrofocusing (IEF) and the sodium dodecyl sulfate (SDS) dimensions were performed as in Bahrman and Thiellement (1987) . The gels bound to Gelbond supports (Granier and de Vienne, 1986) were silver stained according to Damerval et a!. (1987) .
Scoring methods
The comparisons were made visually by superimposition of the dried gels upon a light box. The small amount of extract precludes repetitions of the electrophoresis for each of the 56 megagametophytes. Thus minor differences in spot intensity between individual patterns were not taken into account since they could be due to technical reasons. Continuous variation covering a great range of intensity, possibly revealing polygenic control of protein amounts, was never found for any spot. The spots were analysed as genetically variable when their intensity among the 56 megagametophytes was visibly distributed into few discrete classes, Actually only two classes were usually found. For two spots, three or four classes were suspected, but could not be unambiguously separated. They were not included in the analysis. Thus two kinds of variations were found: a given spot can be present or absent, and/or more or less intense according to the megagametophyte ( fig. 1 ). Considering spots as protein characters, we partitioned them as qualitative (PC) 
Standard error is:
SE=./R(l -R)/N. Since the parental genotype was unknown we assumed that the smallest class of progeny contained recombinants and the largest, parentals.
Finally using the Kosambi function (Kosambi, 1944) which takes into account the multiple crossing-over and the interferences, the recombination frequencies were converted into map distances in centimorgans:
The standard deviation of D (Owen, 1950 ) is:
RESULTS AND DISCUSSION
Genetics of protein characters
Among 637 spots reproducibly found in the 56 megagametophytes, 117 were variable (18.3 per cent). Eighty-one spots displayed presence/absence variation (12.7 per cent). Four of these spots showed also intensity variation. Thirty-six spots showed two intensity classes (5.6 per cent). For all the 121 characters (81 qualitative and 40 quantitative), the segregation did not significantly deviate from a 1: 1 segregation.
The 81 qualitative characters can be divided into two categories, whose genetic bases may be different. First, 58 spots can be grouped in 29 pairs (p1 to p29, fig. I and fig. 2 ) according to the following criteria (i) the loci encoding each spot of the pair (e.g., pla and plb) mapped at the same point (ii) the two spots concerned were not present or absent together (iii) they have similar characteristics of staining and molecular weight and differed mainly in their p1. The simplest hypothesis is that these pairs of polypeptides corresponded to allelic products of structural genes. Another possibility is that one polypeptide is a post-translational modification of the other, this phenomenon being controlled by two alleles at a regulatory locus. The action of such modifier loci had been put forward in the case of enzymes (Finnerty and 
_1
s- Johnson, 1979 ), but it cannot account for the extent of the polymorphism observed (Coyne eta!., 1979) .
The remaining 23 PCs (P30 to P52) could have various genetic interpretations. They could correspond to quantitative variation where the nonvisible polypeptide was actually absent or was below the level of detection by silver staining. The analysis of other developmental stages or organs might help to determine this  de Vienne et a!., 1988). Another possibility is that just one allelic product was detected because the other one was concealed by another polypeptide, or because the shift in p1 was such that it fell outside the p1 gradient used (five to seven). A further possibility is that one of the alleles is indeed "silent", i.e., never encoding any product. The proportion of loci with silent alleles, though difficult to determine, is however, not likely to be very high due to genetic load. Eventually it is probable that many of the 23 qualitative characters will actually be shown to be due to quantitative variation of gene products. In this case, the simplest and most generally applicable hypothesis is that the presence/absence is determined by two alleles of a regulatory locus.
For all the quantitative characters observed, the intensity fell into two discrete classes ( fig. 3 , which could be explained by a major gene responsible for the determinism of polypeptide amount.
This result was rather unexpected, given the numerous elements controlling enzyme activity or quantity found in natural populations (Kozak, 1985 ; Elsholtz et a!., 1986).
Linkage relationships One hundred and nineteen loci were arranged in 12 linkage groups and two loci (p46 and q27) remained unlinked (table 1 and fig. 4 ). The structural gene loci (p1 to p29) were distributed in seven groups and many of them mapped at common points ( fig. 4) . In such cases, the pairs of polypeptides could be produced by different genes whose genetic distance was such that no recombination event was detected in the sample ( 5 cm), P = 0.05). This could also be interpreted as translational or post-translational modifications affecting both allelic products of the same structural gene. Such mechanisms were probably operating in the case of polypeptides of similar aspects and close position on the gels, as is the case for PIA-P2A-P3A, P1B-PSB-P3B (allelic products of one structural gene and 2 post-translational modifications for each); P5A to PIOA, P5B to P1OB (fig. 2) ; P12A-P13A, P12B-P13B; P15A-P16A, P15B-P16B ( fig. 5 ), in group I; P23A-P24A, P23B-P24B;
P26A to P29A, P26B to p29B, in group IV and P17A-P18A, P17B-P18B, in group XII. Even if this hypothesis allowed the number of different cosegregating loci to be reduced, the distribution of the varying structural genes appeared to be not random, most of them being found in group I and IV at a common point. Figure 4 Linkage map of the eighty qualitative character loci (p) and 39 quantitative character loci (q).
was the P15A, P15B, P16A and P16B products whose amount was controlled by distant genetic element(s) localized in group III (q37 to q40, fig There are two possible explanations for this observation (i) these could correspond to different linked regulatory loci (ii) this could result from a pleiotropic effect of one regulatory locus. It has been shown in pea that a single mutation can affect more than 10 per cent of the gene products in some organs (Gottlieb and de Vienne, 1988) . Thus, in group I and IV, one qualitative and five quantitative character loci, and one qualitative and 16
quantitative character loci respectively mapped at the same point as the groups of structural genes mentioned above. It is then possible that the genetic element responsible for one or more of these variations is one of these structural genes. Gametic selection seemed to occur in group VII, since four of the ten gametic associations involving q20 and/or q25 and another of the two remaining loci mapped in this group were not found (table 1) .
Thus, under the hypotheses of pleiotropy and post-translational modifications, the 121 protein characters could correspond to about 50-60 genes heterozygous in the parental tree, grouped in ten linkage blocks and four unlinked loci. 
